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Since its discovery in 2004, graphene has become a hot research topic in 
condensed matter physics, semiconducting material, biomedicine, chemistry, energy 
and other fields, due to its excellent physical and chemical characteristics. In recent 
years, with the successful application of graphene in Li-ion batteries, temperature 
sensor and semiconductor optoelectronic devices, the graphene-like two dimensional 
nanomaterials have also continuously attracted a great deal of interests. Among them, 
the two-dimensional layered transition metal sulfides molybdenum disulfide (MoS2) 
is regarded as a promising substitute of graphene. Apart from the properties that are 
distinct in graphene, such as marvelous electric conductivity and excellent hardness, 
the monolayer MoS2 can also exhibit strong luminescence. In addition, the 
monolayer MoS2 is a direct band gap intrinsic semiconductor, which could 
overcome the zero band gap limitation in graphene, silicene and germanene. Thus, in 
this dissertation, we systematically investigated the structural stabilities and 
electronic properties of hybrid systems composed of monolayer MoS2 and 
graphene-like materials by using the first-principles calculations based on the 
density functional theory (DFT). 
In part I, the studies are mainly focused on the electronic properties of 
monolayer MoS2. Firstly, we compare the structural parameters and band structures 
of systems with different number of layers of MoS2. Differing from its bulk form, 
the MoS2 monolayer is a semiconductor with a direct band gap of 1.8~1.9 eV at the 
K-point. As the number of MoS2 layers increases, the system transforms gradually 
from direct to indirect band gap semiconductor, and the band gap decreases. Then, 
single atomic adsorption of different atoms on pristine two-dimensional monolayer 
MoS2 are systematically investigated by using density functional calculations with 
van der Waals correction. It is found that, upon adsorption of different type of 
adatoms, metallic, semimetallic or semiconducting behavior can be found on the 















two-dimensional MoS2 sheet can also attained through the adsorption, showing the 
MoS2 could be a material suitable for functionalization. 
In part II, the geometric and electronic structures of the superlattice consisting 
of graphene, silicene or germanene and monolayer MoS2 have been studied by using 
density functional theory. Our results revealed that all superlattices exhibit metallic 
electronic properties. Small band gaps are opened up at the K-point of the Brillouin 
zone for all the four structural models. Furthermore, a small amount of charge 
transfer between layers in superlattices is found. Results indicate that the interaction 
between the stacking sheets in the superlattice is more than just the van der Waals. 
In part III, we investigate the electronic properties of the hetero-bilayers (basic 
unit of a superlattice) composed of monolayer MoS2 and graphene, silicene or 
germanene. Our results show that graphene-MoS2 bilayers exhibits metallic 
electronic properties. However, both the silicene-MoS2 and germanene-MoS2 
hetero-bilayers are direct band gap semiconductors. Moreover, tunable band gaps in 
silicene- and germanene-MoS2 can be realized by changing the interlayer distance or 
employing in-plane compressing/stretching. The value of band gaps at the K-point 
decreases monotonically with the increase in lattice parameters. Meanwhile, through 
compressing or stretching, germanene-MoS2 bilayers realize a transformation from 
an indirect band gap semiconductor to a direct band gap semiconductor, while the 
Silicene-MoS2 bilayers can retain the direct band gaps. When the interlayer distance 
is shorter than the equilibrium value, the band gap increases with the increasing 
interlayer distance. Then the gaps reached their maximum value at the equilibrium 
state. After that, the band gap decreases with the increasing interlayer spacing, due 
to an increased interaction between the adjacent layers. Our results in this work 
provide a new method for designing MoS2-based nanodevices with controllable 
band gaps.  
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